Crude oil prices have been fluctuating over time and by a large range. It is the disorganization of oil price series that makes it difficult to deduce the changing trends of oil prices in the middleand long-terms and predict their price levels in the short-term. Following a price-state classification and state transition analysis of changing oil prices from January 2004 to August 2009, this paper first verifies that the observed crude oil price series during the soaring period follow a Markov Chain. Next, the paper deduces the changing trends of oil prices by the limit probability of a Markov Chain. We then undertake a probability distribution analysis and find that the oil price series have a log-normality distribution. On this basis, we integrate the two models to deduce the changing trends of oil prices from the short-term to the middle-and long-terms, thus making our deduction academically sound. Our results match the actual changing trends of oil prices, and show the possibility of re-emerging soaring oil prices.
I. Introduction
Since 2004, crude oil prices had tended to fluctuate at high level and by a large range. After four-year price soaring, oil prices had been extraordinarily soaring from August 2008 for a half year and then fell straightly to the starting level in early 2004. This was followed by a new round of climbing oil prices to a high level. It is the disorganization of oil price series that makes it difficult to deduce the changing trends of oil prices in the middle-and long-terms and predict their price levels in the short-term.
There have been few studies on crude oil prices based on the application of a Markov Chain. Kosobud and Stokes (1978) have applied a Markov probability model to verify the pattern of "best market share rules", and have concluded that after the Organization of the Petroleum Exporting Countries (OPEC) has taken shape, the probability of conflicts among suppliers has reduced whereas such a probability among consumers has increased. Holmes and Wang (2003) apply a Markov switching model in studying the influence of soaring oil prices on the growth of British GDP, and reach the conclusion that during the increasing period of business cycle the soaring oil prices and growth of GDP are asymmetric to various extent. Wei et al. (2006) have classified the time series of oil prices into three states as increasing by a large range, increasing by a small range and decreasing by a large range states. They identify the duration of each state and conclude that the Markov Chain model is superior to an auto-regression model. Song (2005) has conducted the prediction of oil prices by one-state transition matrix without testing the existence of a Markov Chain and calculating the convergence value of transition state matrix. As a result, the outcome is far from the reality, thus concluding that the Markov method could not predict the evolution of the event perfectly. Vo (2009) discusses a stochastically fluctuating regime of oil market by a Markov transition model to catch the factors which influence oil market, and points out that the fluctuation of oil prices is consistent. All the literatures cited above have not touched on the deduction of trends and prediction of oil prices directly by a Markov Chain. Moreover, none of them recognizes the potential role of the limit probability of a Markov Chain in deducing the trends of oil prices.
In this paper, following a price-state classification and state transition analysis of changing oil prices from January 2004 to August 2009, we first verify that the observed crude oil price series 3 during the soaring period follow a Markov Chain. Next, an attempt is made to deduce the changing trends of oil prices by the limit probability of a Markov Chain. We then undertake a probability distribution analysis and find that the oil price series have a log-normality distribution. On this basis, we integrate the two models to deduce the changing trends of oil prices from the short-term to the middle-and long-terms, thus making our deduction academically sound. Our results match the actual changing trends of oil prices that immediately followed the sample period, and show the possibility of re-emerging soaring oil prices.
The Oil Price Series and Oil Price Transition States
Appendix 1 provides the monthly average prices of OPEC basket of crude oils 1 from January (0, 40) [40, 60) [60, 80) [80, 100) [100, 120) [120, 140) Figure 1 shows a moving process of these six transition states with its main distinguishing features including the occurrence of oil prices extraordinarily soaring or steeply falling.
1 The OPEC collects price data on a "basket" of crude oils, and uses average prices for these oil streams to develop an OPEC reference price to monitor world oil market conditions. From January (Jing, 1985; Xu, 2001) : 
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Taking the Limit Probability of a Markov Chain to Induce the Changing Trends of Oil
Prices in the Middle-and Long-Terms Fisz (1980) and Wang (1979) discuss the Ergodic Theorem of a Markov Chain. Its connotation is that in a Markov Chain when the number of the transition steps is large enough, the transition probability from any particular state will eventually get stabilized at its limit value . Thus is called a limit probability. At that point, the row vectors of the state transition matrix are all
equal, indicating that the state transition process has been at the steady state.
Let represent the first-stage transition matrix and represent the n-th stage transition matrix. Their link is given as follows:
As this power continues, it will tend to its limit. This essentially provides a method to approach limit (Fisz, 1980; Lu, 1987; Arimoto, 1985) .
Having each element of respective row from Table 1 divided by the sum of its row ( ), then we obtain the first-stage state transition matrix: The row-vector, which has been converged to the same value, is the Markov Chain's limit probability of oil price series. It implies that the oil price series have become stabilized after a continuous state transition process. At the moment, refers to the probability of each state in
the whole process. In other words, it means the share and proportion of each state in the ultimate state of the series. This convergence process is the changing trends of crude oil prices, and the row-vector as the limit probability is the ultimate state of oil price series. It is expressed as follows: This limit probability vector indicates the ultimate probability of six states in the crude oil price series or the ultimate proportion of them in the crude oil price series. The probability of low level state is 0.0634, meaning that the proportion in the series is 6.34%; the probability of middle-low level state is 0.2948, the proportion is 29.48%; the probability of middle level state is 0.3281, the proportion is 32.81%; the probability of middle-high level state is 0.1712, the proportion is 17.12%; the probability of high level state is 0.0856, the proportion is 8.56%; the probability of super-high level state is 0.0571, the proportion is 5.71%, respectively. Figure 2 illustrates the ultimate states of oil prices, which are revealed by a Markov Chain. It 8 can be seen that the limit probabilities of a Markov Chain constitute a full-probability interval, in which middle states (including middle-low state, middle state and middle-high state) dominate, accounting for 79.41%. By contrast, the low state accounts for 6.34%, and high state and super-high state together account for 14.27%, respectively.
The Probability Distribution of the Changing Trends of Oil Prices in the Short-Term
The limit probability of oil-price state transition chain as a Markov Chain is the ultimate state of oil price series. It approximates the changing trends of oil price in the medium-and long-terms, but not in the short-term. Generally speaking, an actual distribution of oil price series reflects the short-term changing trends of oil prices. We have replaced an actual distribution by a probability simulation of actual oil price distribution. Thus it has a more generalized implication and is more academically sound. As shown in Figure 3 , the distribution of oil prices inclines toward the left of the whole interval. The hypothesis test of this distribution confirms that oil price series conform to a log-normality distribution 2 . The function of a log-normality distribution is as follows:
The confirmation of probability distribution is undertaken in Excel.
where a and σ as the mathematical characteristics of a log-normality distribution are the mathematical expectation lue and average variance, respectively. They refers to the average v va alue and averag ce of when the statistics get logarithmic, and are estimated to be that e varian tively, so that they should be merged together as well.
Taking the end-point value of an interval as upper and lower limits while considering probability distribution function The test results are given in Table  3 . We can see 
we have the respective probability value of each interval, as given in Table 4 . Then plotting the statistics from Table 4 , we yield a fitting map for a probability distribution function of oil price series as shown in Figure 4 .
Table 4 Probability Values of Observed Oil Prices
Observed interval (0, 20) [20, 40) [40, 60) [60, 80) [80, 100) [100, 120) [120, 140) As shown in Table 4 , the probability of oil prices falling in the interval of US$ 20-40 per barrel is 0.15168, 0.38797 in the interval of US$ 40-60 per barrel, 0.27536 in the interval of US$ 60-80 per barrel, 0.11941 in the interval of US$ 80-100 per barrel respectively, whereas the probability of oil prices higher than US$ 100 per barrel is 0.06398. By contrast, the probability of oil prices below 20 US$/barrel is merely 0.16%. This probability distribution of oil prices puts the probability of recent oil prices in the range of US$ 20 to US$ 120 per barrel at 0.97715. It can be labeled as an inevitable event. The probability of oil prices in the interval of US$ 20-100 per barrel is 0.93442. It is a fairly high probability event. By contrast, the probability of oil prices over 140 US$/barrel is 0.00701. It is a low probability event. The probability of oil prices over 200 US$/barrel is 0.00028. It is almost an impossible event. However, it should be pointed out that this probability distribution fittings are based on the recent statistics so that they only reveal recent changes in oil prices. Thus, this deduction is only meaningful for the recent changing trends of oil prices. In the next section, we will discuss deducing changing trends of oil prices in the middle-and long-terms. Sections 4 and 5 discuss the Markov Chain model and the probability distribution function model, separately. By integrating the two models, we can infer the changing trends of oil prices from the short-term to the middle-and long-terms. *0.02125 is the probability of the crude oil prices higher than US$ 120 per barrel.
As shown in Table 5 , the probability of oil prices being 40 US$/barrel or less is 0.1533 in the short-term, while such a probability is 0.0634 in the middle-and long-terms, 58.59% less than that in the short-term. The probability of oil prices being in the (40, 60] interval is reduced from 0.3880 in the short-term to 0.2948 in the middle-and long-terms by 24.02%. By contrast, the probability of oil prices falling in the (60, 80] interval or above has all gone up, with an increase ranging from 19.14% for the (60, 80] interval to168.71 % for the (120, 140] interval. To put it simply in Table 6 , taking 60 US$/barrel as a dividing line, we can see that the probability of oil prices below 60 US$/barrel is decreasing from the short-term to the middle-and long-terms, while the corresponding probability of being over 60 US$/barrel is increasing.
It can be seen from Table 6 , in the future period of time, oil prices of 60 US$/barrel or less will be reduced by 18.31%, while the oil prices being higher than 60 US$/barrel will increase by 18.31%.
On the other hand, the expectation value of a log-normality distribution of recent changing trends of oil prices is 62.7 US$/barrel, while the expectation value of a Markov Chain reflecting the 14 middle-long term changing trends of oil prices is 71.8 US$/barrel. There is the difference of 9.1 US$/barrel. This means that the monthly-average oil prices will have an absorbing capacity and changing range of about 9 US$/barrel as oil prices tend to go up in the future. In what follows, we will address this issue by comparing the probability distribution and the limit probability of a Markov Chain of changing oil prices.
Suppose that the length of a deduction period is the same as 76 months of the sample statistic.
Multiplying the probability of a log-normality distribution and the limit probability of a Markov Chain in Table 5 by the sample observations of 76, we have the theoretical frequency of a log-normality distribution and the limit frequency of a Markov chain of oil prices, as shown in Table 7 . The sum of positive and negative numbers in the above rows -14 14 *1.62 is the theoretical frequency of a log-normality distribution of crude oil prices higher than US$ 120 per barrel.
It can be observed from jump. It indicates the reoccurrence of oil price soaring. At some point in the future, oil price will soar again after maintaining at the level in the (60, 80] interval. Moreover, the duration of future price soaring would last longer than the previous one. The soaring range would be broadened as well. However, it should be pointed out that from the general distribution of oil prices, the probability of oil prices below 120 US$/barrel is 0.9788, indicating that this price level or less would prevail in the world oil market. Meanwhile, the probability of oil prices below 100 US$/barrel is 0.9360, and the probability of oil prices below 80 US$/barrel is 0.8166, all of which would have played a role in stabilizing oil prices.
According to our deduction, oil prices will not soar extraordinarily. In 1998, when oil price exceeded 100 US$/barrel, Goldman Sachs had estimated that oil prices could go up to reach 200 US$/barrel in 2009 (Associated Press, 2009 ). History has shown that this was the exaggeration of reality. From our analysis of a probability distribution, the probability of oil prices above 200 US$/barrel is less than 0.0003. It is considered an impossible event.
Verification on our Trend Deduction of Oil Prices by Actual Oil Prices
Using sample statistics up to April 2010, we have deduced the changing trends of oil prices by the limit probability of a Markov Chain. The validity and practicability of this deduction can be verified by the actual changing trends of oil prices from May 2010 to October 2010, the months that immediately follow our sample period, as shown in Table 8 . All these monthly prices fall in the [40, 100) interval. This confirms our aforementioned judgment that oil prices will fall into this most possible interval by a probability of 0.7828.
Moreover, all these 6 monthly prices are in the middle-level state and middle-and high-level state of the interval, namely, the E m [60, 80) and E mh [80, 100) intervals, of which 5 monthly oil prices are in the E m [60, 80) interval. This shows that deducing trends of fluctuating oil prices by the limit probability of a Markov Chain is reliable, thus reinforcing practical value of this model.
Conclusions
Crude oil prices have been fluctuating over time and by a large range. It is the disorganization of oil price series that makes it difficult to deduce the changing trends of oil prices in the middleand long-terms and predict their price levels in the short-term. Our paper has established a trend deduction model of fluctuating oil prices. This model integrates the probability distribution of oil price series with the limit probability distribution of a Markov Chain. The probability distribution of oil price series reveals the short-term changing trends of oil prices, while the limit probability of oil price series as a Markov Chain reflects the middle-long term changing trends of oil prices. The difference between them indicates specific changes in a variety of oil price states from the short-term to the middle-and long-terms.
Based on the integrated model, we have deduced the changing trends of oil prices in the next 76 months. Our results match the actual changing trends of oil prices in the 6 months that immediately followed our sample period of up to April 2010, and show that oil prices will continue to increase. The probability of oil prices below 40 US$/barrel has been reduced by 58.6% while that of oil prices over 80 US$/barrel has increased markedly. However, the probability of middle-level oil prices ranging from 40 to 100 US$/barrel approximates 80%. This price level would prevail in the world oil market. Although it is still possible that future oil prices will soar extraordinarily, these are the occasional events. They cannot shake the overall changing trends of oil prices.
